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Recipients  of  FTC-TR-70-8  Supplement 

This  report  is  a  part  of  and  should  remain  attached  to  FTC-TR- 
70-8  Supplement,  "Evaluation  of  the  H-53  Single-Engine  Height- 
Velocity  Characteristics".  Paragraph  numbers  below  correspond 
to  the  recommendations  in  the  AFFTC  Technical  Report. 

1.  Concur  with  intent.  This  type  information  is  required  for 
adequate  flight  manual  guidance.  ASD  substantiated  the  require¬ 
ment  for  H-53  Follow-On  Evaluation  to  accomplish  several  test 
objectives,  i needing  additional  height-velocity  data  at  altitude. 
Refer  to  FTC-TR-71 -54  and  ASD  Addendum  for  results. 

2.  Concur  with  intent.  ASD  has  initiated  action  to  incorporate 
the  required  information  in  the  aircraft  flight  manual. 
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FOREWORD 


This  report  contains  the  results  of  the  single-engine  height-velocity 
test  of  the  HH-53C  helicopter.  This  data  was  not  included  in  FTC-TR-70-8, 
Category  II  Performance  and  Flying  Qualities  Tests  of  the  HH-53C  Heli¬ 
copter,  reference  1.  At  the  time  of  preparation  of  that  report,  the con¬ 
tractor  had  not  yet  completed  tests  required  to  clear  the  aircraft  for 
height-velocity  testing.  The  test  was  conducted  under  the  authority  of 
AFFTC  Project  Directive  69-2  with  an  AFFTC  priority  of  25.  The  program 
structure  was  482A. 
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This  report  presents  the  results  of  a  flight  test  program  conducted 
to  quantitatively  and  qualitatively  verify  the  contractor's  single-engine 
height-velocity  curve  and  to  determine  compliance  with  MIL-H-8501A, 


Helicopter  Flying  and  Ground  Handling  Qualities;  General  Requirements  for. 
The  results  of  these  tests  verified  the  height-velocity  characteristics 


previously  established  by  the  contractor.  Because  of  limitations  im¬ 


posed  by  the  tail  boom  configuration,  touchdown  speeds  consistently 


exceeded  the  15-knot  maximum  allowed  in  MIL-H-8501A.  Since  all  HH-53C 


single-engine  height-velocity  testing  has  been  conducted  at  sea  level, 
it  was  recommended  that  further  testing  be  done  at  altitude. 


Table  off  Contents 

Page 

INTRODUCTION _ 1 

TEST  AND  EVALUATION _ 2 

Height-Velocity  Characteristics _ _ _ _  2 

CONCLUSIONS  AND  RECOMMENDATIONS _ 5 

REFERENCES _ G 


INTRODUCTION 


This  report  presents  the  results  of  a  10-tlight  evaluation  of  HH-53C 
helicopter,  U3AF  S/N  67-14993,  which  was  flown  at  Sikorsky  Aircraft  Divi¬ 
sion  of  United  Aircraft  Corporation  in  Stratford,  Connecticut.  These 
flights  were  conducted  from  12  May  to  5  June  1970  and  required  a  total 
flight  time  of  7.1  hours. 

The  purpose  of  the  test  program  was  to  quantitatively  and  qualita¬ 
tively  verify  the  contractor's  single-engine  height-velocity  curve  and 
to  determine  compliance  with  paragraph  3.5.7  of  MIL-H-8501A,  Helicopter 
Flying  and  Ground  Handling  Qualities;  General  Requirements  for,  refer¬ 
ence  2 . 

The  evaluation  was  conducted  with  the  450-gallon  external  fuel 
tanks  installed.  The  engines  were  not  equipped  with  engine  air  particle 
separators . 
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TEST  AND  EVALUATION 

Height-Velocity  Characteristics 

The  minimum  altitude  and  airspeed  combinations  from  which  a  safe 
single-engine  landing  could  be  made  following  a  failure  of  one  engine 
were  determined  at  a  gross  weight  of  approximately  37,000  pounds  and  a 
pressure  altitude  of  sea  level. 

The  tests  were  conducted  with  the  automatic  flight  control  system 
on  and  with  a  center  of  gravity  location  at  station  336.  The  operative 
engine  was  trimmed  to  produce  an  output  of  100  percent  torque  at  ICO  per¬ 
cent  rotor  rpm.  Single-engine  failures  were  simulated  by  retarding  the 
number  1  engine  throttle  to  the  ground  idle  position.  No  corrective 
action  was  taken  by  the  pilot  for  at  least  2  seconds  following  the  simu¬ 
lated  engine  failure  to  allow  for  the  expected  delay  in  pilot  reaction 
following  an  actual  engine  failure. 

Two  curves  were  obtained,  one  defining  the  area  from  which  a  go- 
around  could  be  made  and  the  other  showing  the  area  in  which  a  hard 
landing  with  possible  aircraft  damage  was  likely.  The  envelope  between 
the  curves  allowed  a  safe  landing,  but  there  was  not  sufficient  speed  or 
altitude  to  effect  a  go-around  (figure  1).  Although  examination  of  fig¬ 
ure  1  shows  that  safe  landings  or  go-arounds  were  made  from  below  the 
recommended  curves ,  above  average  pilot  proficiency  and  practice  were 
required  to  obtain  this  performance. 

The  HH-53C  was  capable  of  making  a  go-around  following  the  failure 
of  one  engine  under  the  test  conditions  if  an  indicated  airspeed  of  35 
knots  could  be  obtained.  From  a  hover  this  required  300  feet  altitude 
and  the  nose  of  the  helicopter  had  to  be  lowered  to  20  degrees  nosedown 
on  the  attitude  indicator.  The  collective  pitch  was  lowered  slightly  to 
regain  the  rotor  rpm,  then  used  to  maintain  98  to  100  percent  rotor  rpm. 
When  engine  failure  was  initiated  at  heights  of  less  than  300  feet,  more 
airspeed  was  required  at  the  time  of  engine  failure  and  less  pushover 
was  required  to  obtain  the  necessary  airspeed  to  go-around.  With  an 
engine  failure  speed  of  30  KIAS,  go-arounds  were  accomplished  from  ground 
level  and  required  the  nose  to  be  lowered  2  to  3  degrees.  Probably  be¬ 
cause  of  ground  effect,  the  operating  engine  had  more  than  sufficient 
power  to  sustain  level  flight  up  to  50  feet  above  the  ground,  so  the 
collective  pitch  could  be  raised  slightly  to  aid  aircraft  acceleration 
at  very  low  heights  above  the  ground. 


An  engine  faille  witnin  the  AVOID  area  would  result  in  almost  cer¬ 
tain  aircraft  damage.  To  effect  a  safe  landing  following  an  engine  failure 
from  the  area  between  the  two  curves  a  minimum  of  25  to  30  KIAS  was  ob¬ 
tained  by  lowering  the  nose  approximately  20  degrees  nosedown  on  the 
attitude  indicator  at  all  altitude/airspeed  combinations  above  75  feet. 

The  collective  pitch  was  lowered  slightly  to  obtain  and  maintain  98  to 
100  percent  rotor  rpm.  Below  75  feet  the  necessary  nosedown  angle  pro¬ 
gressively  decreased  as  the  height  above  the  ground  decreased.  Below  50 
feet,  the  rotor  rpm  was  allowed  to  decay  because  the  collective  pitch 
was  decreased  only  a  small  amount.  This  prevented  the  buildup  of  an 
excessive  rate  of  descent  near  the  ground. 
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HH— |53C  tlSAFjS/H  6MW 
T$4-fGE -t  ENG  NE$J 


1  _  .  i _ i__  _  ;  .j  t _ l _ J _ : 

1.  SIMULATED  SINGLE -ENGINE  FAILURE  ]  '  j  ;  !  i 

2.  ROTOR*  SFERD  ATiNGlNE  FAILURE -195  RPM  (105  PERCENT) 

3f  GROSS  WEIGHT  *37,000  POUNDS  !-■  -j - j 

4-  dg.  LOCATION  STATION  3^6  i  I  ! 

5.  LANDING  GEAR  DCjWN  ;  |  i 

6.  Pressure  altitude  *  sea  leyel  ;  r  i  ; 

7.  FREE  AIR  TEMPERATURE  =5 19  deg  C1  ;  i  ! 

8.  o  symbols  ARE  fointsTwheRe  A  LANDING  WAS  REQUIRED. 

?  P'SYHBOLS  ARE  POINTS  WHERE  A  QO-AR?UN0  VAS  MADE  ; 


Two  flare  and  landing  techniques  were  evaluated.  The  first  tech¬ 
nique,  the  primary  one  used  during  this  evaluation,  was  accomplished  by 
holding  the  desired  speed  (25  to  30  KIAS)  until  about  10  feet  above  the 
ground,  then  rotating  to  a  10 -degree  noseup  attitude  indication  on  the 
artificial  horizon.  The  helicopter  was  held  off  the  ground  with  the 
collective  pitch  as  long  as  possible  to  produce  the  lowest  possible  touch¬ 
down  speed.  The  second  technique  used  a  moderate  flare  above  25  feet  to 
decelerate,  followed  by  a  pushover  to  a  landing  attitude,  and  cushioning  | 

the  touchdown  with  the  collective  pitch.  Both  techniques  yielded  essen¬ 
tially  the  same  touchdown  speeds.  The  first  technique  required  more  dis¬ 
tance,  but  provided  better  control  over  the  touchdown  impact.  The  second 
method  gave  a  shorter  total  landing  distance  (from  simulated  engine  fail¬ 
ure  to  stop)  ,  but  increased  the  possibility  of  a  hard  landing  because  the 
collective  pitch  application  had  to  be  timed  quite  precisely. 

Touchdown  speeds  using  either  technique  were  well  above  the  15-knot 
maximum  spelled  out  in  MIL-H-8501A.  The  HH-53C  had  to  be  established  in 
a  nearly  level  attitude  at  touchdown  to  preclude  striking  its  long,  low 
tail  boom  on  the  ground.  Therefore,  any  flare  to  decelerate  the  heli¬ 
copter  must  be  accomplished  well  above  the  ground,  and  if  held  too  long, 
could  result  in  the  aircraft  falling  throuah  to  a  hard  landing  (reference 
1)  . 


The  results  of  this  evaluation  verified  the  single-engine  height- 
velocity  characteristics  previously  established  by  the  contractor.  Since 
these  tests  and  those  of  the  contractor  were  performed  only  at  sea  level, 
further  tests  should  be  performed  to  define  the  single-engine  height- 
velocity  characteristics  at  altitude.  (R  l)1 

The  Flight  Manual  contains  no  discussion  on  techniques  to  be  followed 
for  an  engine  failure  near  the  AVOID  area  of  the  height-velocity  curve. 

The  following  discussion  should  be  included  in  section  III  of  the 
Flight  Manual  Emergency  Procedures  under  Engine  Failure  to  improve  its 
usefulness  (R  2) : 

The  failure  of  an  engine  near  the  AVOID  area  of  the 
he i gh t- ve loe i t y  diagram  requires  prompt  corrective 
action  by  the  pilot  if  a  safe  landing  or  go-around 
Is  to  fce  made.  Altitude  permitting,  the  helicopter 
must  be  rapidly  established  in  at  least  a  20-degree 
nosedown  attitude  to  provide  proper  acceleration  to 
flare  or  go-around  airspeed.  The  collective  pitch 
must  be  lowered  to  obtain  and  maintain  98  to  100 
percent  rotor  rpm  with  maximum  available  torque. 

As  the  desired  airspeed  is  approached,  the  heli¬ 
copter  should  be  slowly  returned  to  a  level  attitude. 

Is  the  altitude  at  which  an  engine  failure  occurs 
decreases  below  75  feet,  a  progressively  shallower 
nosedown  attitude  should  be  used.  Below  50  feet 
the  collective  pitch  must  be  lowered  very  slowly, 
allowing  rotor  rpm  to  decrease  to  avoid  obtaining 
an  excessively  high  rate  of  descent.  As  ground 

^Numbers  indicated  as  (R  1),  etc.,  represent  the  corresponding  recommendation  numbers  as  tabulated  in  the 
Conclusions  and  Recommendations  section  of  this  report. 
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contact  is  neared,  cushion  the  touchdown  wit''  the 
collective  pitch. 

the  ability  to  qake  a  go-around  is  first  dependent 
upon  having  the  capability  of  maintaining  level 
flight  on  one  engine.  The  minimum  speed  at  which 
level  flight  can  be  sustained  depends  upon  the 
gross  weight  of  the  helicopter  and  the  density  al¬ 
titude  (i.e.,  35  K1AS  at  37,000  pounds  and  5,000 
feet  density  altitude).  The  helicopter  must  be 
accelerated  to  above  the  minimum  speed  at  which 
level  flight  can  he  maintained.  Acceleration 
should  he  continued  in  level  flight  until  best 
single-engine  climb  speed  is  attained. 

A  landing  following  an  engine  failure  from  above 
75  feet  will  require  a  minimum  of  30  KIAS  at  flare 
altitude.  If  sufficient  prepared  surface  is  avail¬ 
able,  a  normal  single-engine  running  landing  can  be 
made,  establishing  a  10-degree  noseup  attitude  at 
about  10  feet  above  the  ground  and  using  the  col¬ 
lective  pitch  to  cushion  the  touchdown.  If  a 
shorter  landing  distance  is  required,  a  moderate 
flare  should  be  performed  above  25  feet  to  decel¬ 
erate  the  helicopter,  then  establish  a  landing 
attitude  and  cushion  the  touchdown  with  the  collec¬ 
tive  pitch.  Tiie  first  technique  provides  better 
control  of  the  touchdown  force,  but  consumes  more 
distance.  The  second  method  requires  a  shorter 
distance,  but  may  result  in  a  hard  Landing  if  too 
much  airspeed  and/or  rotor  rpm  is  lost  too  high 
above  the  ground. 


CONCLUSIONS  AND 
RECOMMENDATIONS 

The  results  of  the  single-engine  height-velocity  tests  obtained 
from  this  evaluation  verified  the  height-velocity  characteristics  pre¬ 
viously  established  by  the  contractor. 

The  results  of  these  tests  apply  only  at  low  altitudes  (approxi¬ 
mately  5,000  feet  and  below) . 

1.  Further  tests  should  be  performed  to  define  the  single-engine 
he igh t - ve 1 oc i t y  characteristics  at  altitude  (page  4  ). 

The  i  ight  Manual  contains  no  discussion  on  techniques  to  be  fol¬ 
lowed  for  an  engine  failure  near  the  avotd  area  of  the  heiaht-velocity 
curve . 

2.  The  discussion  on  page  4  of  this  report  should  be  included  in  the 
Flight  Manual. 
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This  report  presents  the  results  of  a  flight  test  program  con¬ 
ducted  to  quantitatively  and  qualitatively  verify  the  contractor's 
single-engine  height-velocity  curve  and  to  determine  compliance  with 
MIL-H-850 lA,  Helicopter  Flying  and  Ground  Handling  Qualities;  General 
Requirements  for.  The  results  of  these  tests  verified  the  height- 
velocity  characteristics  previously  established  by  the  contractor. 
Because  of  limitations  imposed  by  the  tail  boom  configuration,  touch¬ 
down  speeds  consistently  exceeded  the  15-knot  maximum  allowed  in 
MIL-H-8501A.  Since  all  HH-53C  single-engine  height-velocity  testing 
has  been  conducted  at  sea  level,  it  was  recommended  that  further  test¬ 
ing  be  done  at  altitude. 
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